We present preliminary results of a study of the two-body B-meson decays to a charmonium state (cc) and a K + or K * 0 (892) meson using a sample of about 349 fb −1 of data collected with the BABAR detector at the PEP-II asymmetric-energy B Factory at SLAC. Here cc indicates either the ηc state, reconstructed in the K The B decays to S-wave charmonium states, like J/ψ and η c , have been observed to occur with large branching fractions (B) of the order 10 −3 [1] . Experimental study of B decays to singlet states of charmonium, such as η c and h c , is more complicated than the B decays to triplet states, such as J/ψ , ψ(2S) or χ c1 , because one cannot exploit the cleaner signature of final states including a lepton pair. In this document, we report measurements of the branching fraction for the following decay modes: B 0 → η c K * 0 , B 0 → h c K * 0 and B + → h c K + [2] . We also reconstruct the B + → η c K + decay to be used as a "control sample". The branching fraction of B 0 → η c K * 0 is currently known with a 40% uncertainty, (1.2 ± 0.5) × 10 −3 [3] , while B decays to h c have never been observed. The Belle collaboration studied the decay B + → h c K + with h c → η c γ and reported B(B + → η c γK + ) < 3.8 × 10 −5 at the 90% C.L. for an invariant mass of the η c γ pair in the range [3.47,3 .57] GeV/c 2 [4] . No other B + or B 0 decay modes with h c have been studied yet. The h c meson has recently been discovered by the CLEO collaboration as a narrow peak in ψ(2S) → η c γπ 0 decays at a mass of 3524.4 ± 0.7 MeV/c 2 [5] , and this observation was confirmed by the E835 collaboration [6] .
In the simplest approximation, B decays to a charmonium state and a K or K * meson arise from the quarklevel process b → ccs . The colorless current cγ µ (1 − γ 5 )c, which can create the S-wave states like η c and J/ψ , can also create the P-wave state χ c1 . It cannot, however, create the 0 ++ , 2 ++ and 1 +− states χ c0 , χ c2 and h c . Therefore B decays to any of these three states have to be ascribed to more complex mechanisms, such as the interaction of two color-octet currents [7] . In this scenario, B decays to χ c0 , χ c2 or h c are expected to occur as abundantly as those to χ c1 . B decays to χ c1 K ( * ) have branching fractions between 3.2×10 −4 and 4.9×10 −4 [1] . The B + → χ c0 K + decay has indeed been observed with a branching fraction of (1.4
have not yet been observed and upper limits on their branching fractions slightly exceed 10 −5 [1] .
In this analysis we reconstruct the η c in the
0 decay modes, the h c in its decay to η c γ, and the K * 0 in the mode
final states are manifestations of the same decay mode, KKπ: they are chosen because they are among the easiest η c decay modes to reconstruct and have a rather large branching fraction, B(η c → KKπ) = (7.0 ± 1.2)% [1] . The η c γ decay of the h c is chosen because it is expected to comprise about half of the total h c decay width [7] . We measure ratios of branching fractions with respect to that of B + → η c K + , (9.1 ± 1.3) × 10 −4 , to cancel the 17% uncertainty on B(η c → KKπ).
The data used in this analysis were collected with the BABAR detector at the PEP-II e + e − storage rings, and correspond to about 349 fb −1 of integrated luminosity collected at the Υ (4S) resonance, comprising 384 million BB pairs. The BABAR detector is described elsewhere [8] . Momenta of charged particles are measured in a tracking system consisting of a five-layer, double-sided silicon vertex tracker and a 40-layer drift chamber (DCH), both in a 1.5-T solenoidal magnetic field. Identification of charged particles is provided by measurements of the energy loss in the tracking devices and by a ring-imaging Cherenkov detector. Photons are detected by a CsI(Tl) electromagnetic calorimeter (EMC). The BABAR detector Monte Carlo (MC) simulation based on GEANT4 [9] is used to determine selection criteria and efficiencies.
The event selection is optimized by maximizing the quantity N S / √ N S + N B , where N S (N B ) represents the number of signal (background) candidates surviving the selection. N S is estimated on samples of simulated events, while N B is extrapolated from regions far from the signals on data. Simulated signal events and data are normalized to each other using the available measurements for B → η c decays and assuming B = 1 × 10
for B decays to h c .
We select events with BB pairs by requiring at least four charged tracks, the ratio of the second to the zeroth order Fox-Wolfram moment [10] to be less than 0.2, and the total energy of all the charged and neutral particles to be greater than 4.5 GeV.
Charged pion and kaon candidates are reconstructed tracks having polar angles in the region 0.41 < θ < 2.54 rad, at least 12 hits in the DCH, a transverse momentum with respect to the beam direction larger than 100 MeV/c, and a distance of closest approach to the beam spot smaller than 1.5 cm in the plane transverse to the beam axis and 10 cm along the beam axis. A K * 0 candidate is formed from a pair of oppositely charged kaon and pion candidates originating from a common vertex and having an invariant mass within 60 MeV/c 2 of the nominal K * 0 mass [1] .
Photon candidates are energy deposits in the EMC in the polar angle range 0.32 < θ < 2.44 rad that are not associated with charged tracks, have energy greater than 100 MeV, and have a shower shape consistent with that of a photon. A π 0 → γγ candidate is formed from a pair of photon candidates with invariant mass in the range [ 
We also require the absolute value of the cosine of the polar angle of the B candidate momentum vector in the e + e − c.m. frame to be smaller than 0.9.
To suppress background, the [1] . In events where more than one B candidate survives the selection, the one with the smallest |∆E| is retained. In cases of B candidates composed by the same final state particles, thus having the same value of |∆E|, we retain the one for which the primary kaon has the largest momentum in the e + e − c.m. system. The samples surviving the selection include a signal component, a combinatorial background component given by random combinations of tracks and neutral clusters both from BB and continuum events, and a component due to B decays with a similar final state as the signal. Such "peaking backgrounds" exhibit the same distribution as the signal in m ES and ∆E, but their KKπ(γ) invariant-mass distribution (m X ) is different. The signal content on data is therefore obtained by means of a maximum likelihood fit to m X for all candidates having m ES in the signal region [5.274, 5.284 
We perform an unbinned maximum likelihood fit to the m ES distribution as follows. The B component, accounting for the sum of signal and peaking background, is modelled by a Gaussian function whose width is taken from the simulation and whose mean is fixed to the Bmeson mass [1] . The m ES distribution of the combinatorial background is represented by an ARGUS threshold function [11] . The total number of events and the AR-GUS parameters are left free in the fit. The spectrum for candidates in the m ES sideband is normalized to the m ES signal window by using the integrals of the ARGUS component in the two regions (Fig. 1) .
In the case of B 0 → η c K * 0 , the m ES -sidebandsubtracted m X distribution is fitted to the sum of an η c signal represented by a non-relativistic Breit-Wigner convolved with a Gaussian resolution function, a J/ψ component modelled by a Gaussian of the same width, and a background component accounted for by a firstorder polynomial with free coefficients. The masses of the η c and the J/ψ are fixed to the world average [1] . The width of the η c is fixed to the value measured by BABAR, 34.3 MeV/c 2 [13] . The mass resolution modelled by the width of the Gaussian functions is fixed to the value determined on MC events, 11 MeV/c 2 . The number of signal and background events is left free in the fit. We measure 185 ± 22 η c and 59 ± 12 J/ψ candidates (Fig. 2) . The χ 2 value for the fit is 54 for 56 degrees of freedom (N DoF ). Repeating the fit with no η c component we get a χ 2 /N DoF of 127/57. A similar fit of the B + → η c K + control sample yields 670 ± 32 η c and 149 ± 16 J/ψ candidates with a χ 2 /N DoF of 86/56. All of the values returned by these fits are summarized in Table I . In the case of B + → η c γK + and B 0 → η c γK * 0 , the m ES -sideband-subtracted m X distribution is fitted to the sum of an h c signal modelled by a Gaussian, and a background represented by a first-order polynomial. The mass of the h c is fixed to the CLEO measurement, 3.524 GeV/c 2 [5] . The Gaussian resolution is fixed to the value determined on MC events, 16 MeV/c 2 [12] . In the fit, the number of signal and background events is left free. The fit is performed over the m X range [3.3,3.7] GeV/c 2 . It yields 11 ± 6 and 21 ± 8 h c candidates with a χ 2 /N DoF of 41/39 and 42/39 for the B + and B 0 yields, respectively ( Fig. 3 and Table II ). Repeat- 
The stability of the fit results is verified for various configurations of the fitting conditions. We float the η c mass and width, which are poorly known, and the h c mass. The values for the signal yields and the floated parameters returned by these fits are consistent with the nominal configuration. We verify the goodness of the fit with the chosen model using a MC technique: we simulate a number of experiments by randomly generating samples of events distributed in m X according to the models used in the fit. The number of events generated is equal to the number of events in the corresponding real data sample. The parameters of the distributions are set to their fixed or fitted values. The fit is repeated in the same conditions as on real data. The pulls for the number of signal and background events are distributed as expected. The robustness of the fit is tested on simulated events by varying the number of signal and background events input, including the null result. The number of events returned by the fit is consistent with the inputs for all cases. As an additional cross-check, we verify that the observed number of J/ψ candidates in the data agrees with the expectations.
We evaluate systematic uncertainties on the number of signal candidates by individually varying the parameters that are fixed in the fits by ±1σ from their nominal values. We also estimate the systematic uncertainties that arise from a different choice of binning, fit range, and background parameterization. The large natural width of the η c introduces the possibility of interference effects with non-resonant B decays with the same final state particles that can modify the m X distribution with respect to the one used in the fit. The fit is repeated including an interference term between the η c and the background in the fitting functions. The amplitude and phase of the interference term are left free in the fit. The variation of the η c yield with respect to the nominal fit is taken as a conservative estimate of the systematic error due to neglecting interference effects. The total systematic uncertainty on the signal yield determination, summing in quadrature all the contributions, is 8.1, 4.3, 24.8 and 18.1% for
, respectively. Being evaluated as yield variations on the data, most of these systematic uncertainties should improve with larger statistics.
The selection efficiency for B + → η c K + is 6%. The ratios of the selection efficiencies with respect to B + → η c K + , estimated by using simulated events, are 0.64 ± 0.01, 0.51 ± 0.01 and 0.29 ± 0.02 for
, respectively. Most uncertainties on the efficiency cancel out in the ratios because of the similar final states. The remaining uncertainties are mainly due to differences between real data and simulation in the photon reconstruction as estimated from photon control samples on data (1.8%), and the unknown polarization for B 0 → h c K * 0 estimated as in [14] (6%).
Using the signal efficiency computed on MC events, the signal yield observed on data, and the number of BB pairs in the data sample, we derive B(B
. This is in agreement with the world average (6.4 ± 1.4) × 10 −5 [1] . We calculate the ratios of the branching fractions with respect to B(B + → η c K + ) using the ratios of signal yields and efficiencies with respect to [1] , and B(K * 0 → K + π − ) = 2/3, and summing the uncertainties in quadrature. Table III summarizes the systematic uncertainties on the measurements. We obtain: at the 90% C.L. In summary, we obtain a measurement of B(B 0 → η c K * 0 ) in agreement with, and greatly improving upon, the previous world average. We obtain an upper limit for B(B + → h c K + ) × B(h c → η c γ) in agreement with the result obtained by the previous Belle measurement, and a first upper limit on B(B 0 → h c K * 0 ) × B(h c → η c γ). The results confirm the suppression of h c production in B decays with respect to the S-wave η c and the P-wave χ c1 and χ c0 states. All results are preliminary.
